Background: Cystic echinococcosis (CE), caused by the larval stage of Echinococcus granulosus, is a global zoonotic infection of economic importance constituting a threat to public health in many countries. E. granulosus exists as a complex of different strains that have an impact on the epidemiology and control of CE, the most important of which are G1 and G6 strains. In Egypt, some studies confirm the predominance of G1 strain while others demonstrated the involvement of camel G6 strain in causing human infection. Objective: To study the diagnostic potential of purified antigenic yields of hydatid cyst fluid (HCF) from Egyptian CE patients and DNA corresponding to different recorded genotypes, in addition to the characterization of E. granulosus genotype in human and animal isolates in Egypt. Subjects and Methods: Crude HCF antigens from 30 patients were extracted and fractionated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and probed by enzyme immunoelectrotransfer blot (EITB) against sera from CE patients and 50 controls. HCF from human and animal isolates was obtained and prepared for DNA extraction and the amplification of the predominant genotype bands at 254 bp. Results: PCR applied to HCF protoscolices of human and camels showed a typical 254 bp band of 12S fragment of mitochondrial gene belonging to G6 genotype (camel strain). SDS-PAGE fractionation of crude HCF antigen gave a protein profile composed of 11 bands. Immunoblotting assay showed that anti-E. granulosus IgG of patients' sera recognized 9 antigenic bands, varying in molecular weight from 12-110 kDa. The 48 and 12 kDa bands detected in all patients' sera disappeared after treatment. Conclusion: This study confirmed the predominance of G6 genotype (camel strain) of cystic echinococcosis in Egypt. PCR using the amplification primers of G6 genotype is a promising tool in the diagnosis of CE using either patients' HCF or sera. The use of EITB in the diagnosis and post-treatment follow up of G6 genotype CE patients proved of high sensitivity and specificity. The recognition of 48 and 12 kDa antigenic proteins in 100% of CE cases' sera and their disappearance after treatment marks their usefulness in diagnosis and follow up of CE cases.
INTRODUCTION
Cystic echinococcosis (CE), caused by the larval stage of E. granulosus, is an economically important global zoonotic infection that constitutes a threat to public health in many countries [1] . It occurs in almost all communities of the underdeveloped and developed worlds [2] . Humans are accidental intermediate hosts infected by ingestion of food or water contaminated with dog feces containing the infective eggs [3] . In Egypt, it was reported that CE has become endemic which adds to the burden on Egyptian livers affected by viral hepatitis and schistosomiasis [4] . CE in the liver was found to represent 3% of the causes of acute and chronic liver diseases among 200 patients in Assiut [5] . Hence, CE has a considerable economic and social impact, because it has numerous complications leading to important disabilities and even death [6] .The liver is the most common site of echinococcal cysts (65%), followed by the lungs (25%) [7] .The initial phase of primary infection is usually asymptomatic especially cysts of less than 5 cm that may remain asymptomatic for years or permanently in up to 60% of patients [8] . However, cysts may cause jaundice, pancreatitis and biliary cirrhosis [9] . Chest pain, cough, dyspnea, and hemoptysis due to rupture of the pulmonary capillaries may occur in case of lung cyst affection [10] .
E. granulosus exists as a complex of different strains that differ in a wide variety of criteria and therefore have an impact on the epidemiology and control of CE [11] . Although some reports denoted that the most important strain associated with human CE appeared to be sheep G1 strain [12] , the molecular characterization of human and animal isolates demonstrated the involvement of the camel G6 strain in causing human infection [13] [14] [15] . In Egypt, G6 involvement has been shown by a number of studies [13, 16, 17] . Hydatid cyst fluid (HCF) is antigenically rich, consisting of a complex mixture of glycol-and lipoproteins, carbohydrates and salts, and is therefore considered the main antigenic source for immunodiagnosis of human CE [18] .On the other hand, in the chronic phase of CE, there is frequent occurrence of elevated antibody levels, particularly IgG, IgM, and IgE with predominance of IgG1 and IgG4 subclasses [20] . However, the sensitivity of serological tests is affected by many factors including site, integrity of hydatid cysts and quality of antigen used [21] . Early diagnosis of CE by serology may provide opportunities for early treatment, more effective chemotherapy as well as follow-up after treatment [22] .The aim of the present work is: i) to characterize E. granulosus genotype in human and animal isolates in Egypt; ii) to separate human HCF antigenic componants; iii) to assess the diagnostic accuracy of indirect enzyme linked EITB using the different antigenic fractions; iv) to study the diagnostic potential of a PCR assay on patients' sera using the amplification primer of the recovered genotype.
SUBJECTS AND METHODS
This descriptive analytical study for nucleic acids and antigenic evaluations included 90 subjects (30 CE patients, 10 CE treated cases, 50 controls) of both sexes; and animal isolates from camels and sheep.
Human cases:
Patients ages ranged from 10-60 years.
They were classified into two main groups: Group I included 40 CE patients, subdivided into Gp IA: 20 cases of hepatic CE; Gp IB: 6 cases of pulmonary CE; Gp IC: 4 cases of CE with multiple organs affection; and Gp ID: 10 cases of CE after medical and/or surgical treatment. Group II included control sera from 30 patients with diseases other than CE and 20 normal individuals, subdivided into Gp IIA: 15 patients with other parasitic infections as schistosomiasis (7), fascioliasis (6), taeniasis (1) and amoebic liver abscess (1); Gp IIB: 15 patients with other mass occupying lesions as hepatocellular carcinoma (8) , simple idiopathic liver cyst (2) and bronchogenic carcinoma (5); Gp IIC: 20 normal controls were apparently healthy individuals with no history of parasitic infections, negative urine and stool examination and negative indirect hemagglutination test (IHAT) for hydatid disease.
All human subjects in the studied groups were from Cairo and Giza and they were selected according to complete medical history, physical examination, laboratory investigations, IHAT, and imaging techniques (chest Xray, abdominal U/S and/or CT scan). A 5 ml blood sample was collected from all 90 patients in a sterile tube; the serum was separated and stored at -20°C to be used later. Blood samples were taken from patients during operation, or immediately after confirming the infection by puncture aspiration injection re-aspiration (PAIR) technique. Human hydatid cyst fluid from CE patients was collected by therapeutic PAIR procedure or from surgically removed cysts, in sterile centrifuge tubes.
Animal isolates:
Cysts from animal hosts (camel and sheep) were obtained from Cairo abattoirs. Only fertile cysts were used in the study.
Processing of HCF of human and animal isolates [23] :
For detection of G6 or G1 of CE (Operon Biotechnologies, Germany), protoscolices were isolated by centrifugation and prepared for DNA extraction. DNA was extracted using "QIAamp® DNA Mini Kit"(QIAGEN, Germany), which enables DNA extraction from tissue (protoscolices) and fluid samples (serum samples). Before analysis, the concentration of the extracted DNA was determined by spectrophotometer. For the antigenic study crude HCF antigen was prepared from centrifuged supernatants [24] , followed by determination of protein concentration, using Bio Rad protein assays method [25] .
PCR quality control: PCR is an impressively sensitive
procedure; therefore, the following was done to ensure its quality: strict separation between the area used for DNA preparation and extraction (pre-lab) and the one used in the preparation of the reaction mixture of PCR (lab) or in PCR product analysis (gel electrophoresis), with separate equipments in each area; maintenance and calibration of pipettes; thermocyclers were checked regularly to determine that all wells reach desired temperatures; UV radiation at 254 nm wavelength was used to decontaminate any reagent (except primers and Taq) or equipment; 70% ethanol and 10% commercial bleach solutions (5% sodium hypochlorite) were used for decontaminating all equipments; use of positive control (reference strain) to ensure absence of PCR inhibitors and negative control (reagents without DNA template) to ensure absence of contaminating DNA, in each PCR run.
EITB by sodium dodecyl-sulphate polyacrylamide gel electrophoresis (SDS-PAGE) [26] : 25 µg of human crude HCF antigen pool was electrophoresed in 12% polyacrylamide gel under reducing conditions and stained by Coomassie blue stain. Hyperimmune hydatid rat serum was prepared as described by Shariff and Parija [27] and was used as positive control serum, against crude HCF antigen pool. The proteins were electrophoretically transferred into 2-μm nitrocellulose membranes using Bio-Rad Mini-Protean II gel electrophoresis apparatus containing trans-blot cell [28] . The blots were used in identification and characterization of antigen by antibody probes, from positive sera and visualized by enzyme-conjugated secondary antibodies [29] .
Statistical analysis of results:
The data were collected and processed in a personal computer (PC) IBM 
RESULTS
Detection of genotype in HCF protoscolices from patients with CE and camel isolates showed a positive band at 254 bp corresponding to G6 genotype reference strain (camel strain) in 100% of cases (Figures 1,2) . Using G6 genotype amplification primers on sera from patients with CE showed that 27 out of 30 CE cases had positive characteristic bands at 254 bp (Figure 3 ), while sera of patients six to twelve months after treatment showed no bands (Table1). Sera of the control group showed no bands corresponding to G6 genotype. (Figure 4) . By EITB, the anti E. granulosus IgG recognized 9 antigenic bands, varying in molecular weight from 110 kDa to 12 kDa (110, 80, 75, 65, 56, 48, 35, 25 and 12). Different EITB bands were produced by sera of CE cases in Gp I -A, B, C, and control groups (Table 2 and Figure 5 ); and 1 antigenic band was recognized by sera of Gp I-D (Table 3 ). The validity of EITB using human crude antigen against sera of patients in GpI-A, B, C and control group is shown in table (2) . Statistical analysis of the molecular weights bands recognized by the anti E. granulosus IgG of the studied groups sera revealed that the 48-kDa and 12-kDa protein bands reacted in sera of the 30 (100%) patients. None of the sera from control group (Gp Π) recognized the 12 kDa band, while only 2 (4%) schistosomal sera recognized the 48 kDa band, indicating a significant difference (P<0.01). Other antigenic bands of 75, 56 and 25 kDa were also detected by the IgG of CE Gp I-A, B and C with sensitivity of 23.3%, 10% and 33.3%, respectively and 100% specificity, also indicating a highly significant difference (P<0.01). Moreover, the 35 kDa antigenic protein was recognized by 66.7% of the CE sera IgG, but also showed cross reaction of 4% with 2 schistosomiasis sera from the control group. 
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DISCUSSION
A recent molecular characterization of CE-causing strains in human and animals in Egypt was performed to conclude whether the G6 (camel strain) and/or G1 (sheep strain) are responsible for human CE in Egypt. This PCR system detected a part of the mitochondrial 12S ribosomal RNA (rRNA) gene to amplify the fragment of 254 bp. In the present work, PCR applied to parasite HCF's protoscolices of human (hepatic, pulmonary and multi-organ CE) and camels isolates, showed that they are all of G6 genotype (camel strain). This is in accordance with other studies from Egypt by Azab et al. [13] who used RAPD-PCR, Abdel Aaty et al. [16] using Hot-Start PCR technique, and Khalifa et al. [17] using nested PCR (nPCR) for the first time in diagnosis of E. granulosus in Egypt. The latter authors revealed absence of variation in amplified DNA in all fertile cysts from camels and humans with high similarity with DNA fingerprinting of E. granulosus G6 positive control indicating the zoonotic association.
In previous studies, from Iran and Kenya where G1 coexists with G6, it was shown that G1 predominated in human cases and G6 appeared to be non-infective to human [23, 30] . Later on, other molecular studies within the same areas detected the G6 genotype in human samples [1, 31] , probably due to the introduction of recent accurate molecular and genotyping techniques. In the present work, all the HCF protoscolices of human and camel isolates were screened with G1 strain primers and they showed no band. In another record G7 genotype (pig strain) was detected in two human isolates and one pig isolate in Egypt, while G1 genotype (sheep strain) was detected in one human isolate from Yemen and in no animal isolates. This was the first record of G7 in Egypt and G1 in Yemen [32] .
The predominance of the camel strain G6 genotype in the present study was also similar with that from Sudan, where all human, camel and sheep hydatid cysts isolates were of G6 genotype [1, 33] . In previous reports [14] [15] [16] [17] G6 genotype was the predominant genotype in Egypt (0) 30 (100) 12 Table 2 : Statistical analysis of recognized EITB bands by sera of Gp I (A, B, C) and Gp II (control group using human pool) and its validity.
IB band (kDa) -ve N (%) +ve N (%) -ve N (%) +ve N (%)
N.: number, %: percentage, +ve: positive, -ve: negative. indicating that camels are the main animal reservoir of CE and also explaining the significance of CE patients sera reactivity with camel HCF [34] .
Fine needle aspiration (FNAB) or PAIR which was accepted as a complementary diagnostic and therapeutic tool [8] , is the best method to establish the specific diagnosis of the CE, including microscopy of the aspirated hydatid fluid to demonstrate brood capsules and protoscolices. However, it carries the great disadvantage of anaphylactic reaction and development of secondary echinococcosis from leakage of cyst fluid [35] ; besides the failure of exclusion of sterile hydatid cysts. So detection of parasite nucleic acids in clinical samples other than HCF has become of great importance. The detection of G6 or G1 genotype in sera of human CE infected with these strains was possible according to the theory of DNA passage through hydatid cyst wall mini-fissures to the blood [35] [36] [37] , which supported the detection of E. granulosus DNA in serum for a definitive diagnosis of CE. In the present study, results of PCR using serum of CE cases (who were all G6 positive with HCF protoscolices in PCR) and G1 and G6 primers showed 90% sensitivity using G6 genotype amplification primer and none for G1 amplification primers. This provided a valuable molecular tool for diagnosis of CE in human serum. However, when compared to HCF examination, the sensitivity of PCR was 90% in serum, whereas that of the HCF showed 100%. The three negative serum samples (2 hepatic and 1 pulmonary cysts) were of CE patients with partly calcified small cysts less than 5 cm in size. Patients tested six to twelve months after treatment showed no bands, which confirms the sensitivity of PCR for detection of the parasite DNA and its value in management.
In spite of the relatively lower sensitivity of PCR in sera compared to microscopic examination of HCF, as gold standard test, still using serum is easier and safer in sampling than HCF obtained by FNAB during surgery or by PAIR technique. It has been shown that intermediate hosts produce a significant immune response against E. granulosus infection [38] and that in chronic phases of CE, there is frequent occurrence of elevated antibody levels [19] . Serological diagnosis plays a key role not only in early detection of CE infection, but also in long-term monitoring of patients who had underwent surgery or drug treatment [39] . To overcome drawbacks of serological tests, standardization of techniques, antigenic preparations, and characterization of new antigens, are required to improve the performance of CE immunodiagnosis [40] . The EITB assay for the diagnosis of CE has been reported to be more specific than ELISA and Dot-ELISA. It also combines the high sensitivity and specificity of immunoenzyme tests with the high resolution of specific proteins in SDS-PAGE [35] . In the present study, E. granulosus human HCF antigens of the proven G6 genotype isolates were used to detect IgG in sera of studied groups by EITB in order to characterize new antigenic epitopes.
Under reducing conditions the 12 kDa band which is believed to be a subunit of HCF AgB, showed 100% sensitivity (including the three cases that were negative by PCR) and specificity with no cross reaction of any tested control sera. This is in agreement with the study of Haniloo et al. [41] in which the blotted 8/12 kDa of AgB showed 70% and 100% sensitivity and specificity, respectively. This high sensitivity and specificity of 12 kDa band in the present study signifies it as a good marker for diagnosis of CE patients. Moreover, the 12 kDa band wasn't detected in the present study by the E. granulosus IgG in sera of the patients 6-12 month after treatment (Gp I-D), signifying it as a good marker for post treatment follow up. The 48 kDa band showed 100% sensitivity but it was also detected by 2 schistosomal sera making it less reliable in diagnosis than the 12 kDa band. The 35 kDa band persisted in 4 patients, making it less reliable. This antigenic band may be related to E. granulosus Ag5, which is a high molecularweight glycoprotein complex (>500 kDa) containing the 57 and 67kDa bands [42] . In SDS polyacrylamide gels, under reducing conditions 67 kDa is dissociated into 22 and 38 kDa subunits [43] .
In conclusion, the present study confirmed that the main genotype responsible for E. granulosus human infection in Egypt is G6, the camel strain, and that PCR is very sensitive and specific in the diagnosis of CE using either patients HCF or sera. The use of EITB in diagnosis and post-treatment follow up of CE patients showed high sensitivity in the identification of potent antigens in HCF. The 48 and 12 kDa antigenic proteins were detected in 100% of CE patients sera and disappeared 6-12 months after treatment signifying their sensitivity for the use in diagnosis and post treatment follow up. No new antigens were identified.
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